Health Resource Utilization and Medical Care Cost of Acute Care Elderly Unit Patients  by Jayadevappa, Ravishankar et al.
Volume 9 • Number 3 • 2006
V A L U E  I N  H E A L T H
186 © 2006, International Society for Pharmacoeconomics and Outcomes Research (ISPOR) 1098-3015/06/186 186–192
10.1111/j.1524-4733.2006.00099.x
Blackwell Publishing IncMalden, USAVHEValue in Health1098-30152006 Blackwell Publishing200693186192Original ArticleAcute Care Elderly UnitJayadevappa et al.
Address correspondence to: Ravishankar Jayadevappa,
Department of Medicine, University of Pennsylvania, 224,
Ralston-Penn Center, 3615 Chestnut Street, Philadelphia, PA
19104-2676, USA. E-mail: jravi@mail.med.upenn.edu
Health Resource Utilization and Medical Care Cost of Acute 
Care Elderly Unit Patients
Ravishankar Jayadevappa, PhD,1 Sumedha Chhatre, PhD,1 Mark Weiner, MD,1 Donna B. Raziano, MD, MBA2
1University of Pennsylvania, Philadelphia, PA, USA; 2Elder Health Pennsylvania, Philadelphia, PA, USA
ABSTRACT
Objective: In this study we compared the readmissions,
medical care cost, and health resource utilization (HRU) of
acute care elderly (ACE) unit patients and usual medical care
patients.
Methods: Retrospective case–control design was used.
Patients admitted to ACE unit (n = 680) between 1999 and
2002 with primary admitting diagnosis of pneumonia, con-
gestive heart failure, or urinary tract infection were ran-
domly selected from the health-care system’s administrative
database. Equal number controls (n = 680) were selected
from usual medical care services and were matched by
DRG, age, ethnicity, and Charlson comorbidity score. Data
on HRU, annual number of admissions before and after
index admission, length of stay (LOS), and medical care
cost were obtained. Bootstrap, t-test, and Wilcoxon test
were used to compare cost, LOS, and number of readmis-
sions between ACE and non-ACE unit. Multivariate log-
linear and Poisson regressions were used to assess the
impact of ACE unit on incremental cost and number of
readmissions, respectively.
Results: Mean LOS was 1 day shorter for ACE unit (4.9 vs.
5.9 P = 0.01). Mean cost of ACE unit was 9.7% lower than
that of non-ACE unit ($13,586 vs. $15,040, P = 0.012). Both
groups had similar costs of pharmacy, diagnostic and thera-
peutic procedures. Multiple log-linear and Poisson regression
models indicated that ACE unit patients had 21% lower cost
and 11% lower annual readmissions.
Conclusions: Our results conﬁrm the hypotheses that ACE
unit patients have lower medical care cost, shorter LOS, and
fewer readmissions. Thus, ACE unit may be a beneﬁcial
model for improved inpatient care of elderly.
Keywords: acute care elderly unit, incremental cost, medical
care cost, readmissions.
Introduction
Of the total US population, 13% are elderly
(65 years or older). Nevertheless, the elderly account
for 31% of $1.4 trillion spent on national health care
[1,2] and are the major consumers of inpatient health
care in the United States [1]. Because of a growing
number of elderly, as well as the aging of the elderly
pollution, hospitals must be prepared to treat their
special needs in a more cost-effective way. As a result
of failure to meet their multiple needs during hospi-
talization, elderly patients experience higher adverse
outcomes and declining functional status [3–6]. At
the same time, increased pressure on hospitals to
restrain resource use and reduce length of stay (LOS)
has lead to an increase in readmissions of elderly
patients [6,7]. The interaction of illness, declining
functional status, hospitalization, and psychosocial
factors may worsen a patient’s physical impairment
and quality of life, leading to poor outcomes at dis-
charge [3,6,8–10]. Readmission rate is an indicator
that may reﬂect the quality of care provided in the
acute setting and incidence of premature discharge
[6,7]. Multiple readmissions lead to physical and
functional decline [3–6] and have implications for
long-term health resource utilization (HRU) and
health-care cost associated with acute care illnesses.
To minimize adverse outcomes, studies have ad-
dressed different types of interventions such as: 1)
geriatric evaluation unit; 2) discharge planning and
geriatric assessment; 3) nutrition interventions; 4)
nurse interventions; and 5) geriatric consultation
[11–21].
It is clear that contributors to the functional loss of
the elderly during their hospitalization are interrelated
and thus a multidimensional, patient-oriented inter-
ventional approach is needed. Such approach should
encourage maximum contributions from team mem-
bers to improve the functional status and quality of
care and shorten the LOS and number of readmissions
[8,10,14–25]. An acute care elderly (ACE) unit is one
such attractive intervention model to address the par-
ticular needs of acutely ill hospitalized elderly
[13,24,26–28]. An ACE unit is a deﬁned medical unit
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where increased attention to a patient’s level of func-
tioning, improved treatments of geriatric illnesses and
integrated discharge planning are combined with a
thorough pharmaceutical review [8]. Its objective is to
reduce iatrogenic illness and improve clinical outcomes
of acutely ill elders [25].
Acute Care for Elders Unit
As shown in Figure 1,  an  ACE  unit  usually  consists
of a multidisciplinary team that includes geriatrics
trained nurses, a doctoral level pharmacist, and a
social worker. The interaction between elderly
patients and their environment provides the basis for
the ACE intervention. Hence, providing an environ-
ment (social and physical) that satisﬁes the needs of
individual elderly patients is crucial. Some of the serv-
ices that differentiate the ACE unit from other medi-
cal units include multidisciplinary rounds that occur
3 days a week and include house staff, a dietitian, an
occupational therapist, a physical therapist, a phar-
macist and a social worker. The nursing station is cen-
tral and establishes an elderly-friendly environment.
The attending or fellow rounds daily and with the
pharmacist who notiﬁes the team of contraindications
and special dosing recommendations. Active early dis-
charge planning is directed by social worker. Staff
routinely limits restraints, adjusts the room to
medium lighting, implements a sleeping regimen with
orientation cues (clock, calendar, and night-light),
encourages routine family visits, utilizes consistent
care givers, and decreases environmental nocturnal
stimulation. The aim of this study was to analyze and
compare HRU, LOS, readmission rate, and direct
medical care cost of ACE and non-ACE unit patients,
with admitting diagnoses of congestive heart failure
(CHF), urinary track infection, or pneumonia. We
hypothesized that ACE unit would be associated with
fewer readmissions, shorter LOS, lower HRU, and
lower cost.
Methods
We used a retrospective case–control study design.
From the health system-based administrative and
research database, we identiﬁed elderly patients
(65 years), admitted to the ACE unit of a large aca-
demic urban medical center between 1999 and 2000
with primary admitting diagnosis of CHF (DRG-127),
pneumonia (DRG-79, 80, 89, and 90) or urinary tract
infection (UTI) (DRG-320, 321). Those transferred
from other hospitals or admitted to specialty units
such as intensive care, coronary care, telemetry, and
oncology were ineligible. From the pool of eligible
ACE unit patients, we randomly selected 680 patients
(CHF = 188, pneumonia = 304, UTI = 188). Equal
number of non-ACE unit patients, matched by sex, age
(±5 years), ethnicity, and Charlson comorbidity score
were also selected. Non-ACE (or usual care) patients
are admitted to general medical care and those trans-
ferred from other hospitals or admitted to specialty
units such as intensive care, coronary care, telemetry,
and oncology were excluded. All patients were fol-
lowed retrospectively for a year preindex admission
and for a year post discharge to obtain hospitalization
data. The institutional review board approved the
study.
ACE Unit Description
The ACE unit at the Presbyterian Hospital of the Uni-
versity of Pennsylvania Health System is a 36-bed unit,
in operation since June 1994. Non-critical patients
older than 65 years are eligible for treatment at this
ACE Unit. The attending physician can choose to care
for patients during the inpatient stay or refer them to
the geriatric attending physician. All older patients
presenting to the emergency department (ER) without
a private physician are admitted to the ACE unit.
Majority of the admissions are from the university’s
extended geriatric practices and ER. ACE unit patients
Figure 1 Interdisciplinary team of acute care
elderly (ACE) unit.
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have access to a multidisciplinary team that includes
trained geriatric nurses, a doctoral level pharmacist
and a social worker. Stafﬁng on the ACE unit is com-
parable to the rest of the hospital at medical/surgical
level of care. The nurse to patient ratio is 5 : 1 for ACE
unit and usual care patients. The attending physician is
independent in clinical decision making.
Data Description
Patient level data on demographics, HRU, and direct
medical care cost were obtained from Pennsylvania
Integrated Clinical and Administrative Research Data-
base (PICARD). Data on age, sex, ethnicity, living
arrangement, marital status, insurance coverage,
Charlson comorbidity score, functional score, princi-
pal diagnoses, LOS, medical history, ambulatory visits,
and laboratory evaluation were collected. We also
obtained data on prehospital living arrangement,
number of admissions pre- and post index admissions
and LOS. HRU data were obtained for lab tests, diag-
nostic and therapeutic procedures, inpatient medica-
tions, and number and type of ambulatory services
used.
Data on charges and services used per admission
were obtained from PICARD. Hospital-based costs
were calculated using a cost-to-charge ratio of 0.80.
Although charges are not same as costs, they are a rea-
sonable proxy and provide reasonably accurate esti-
mates of actual and relative differences in cost between
ACE unit and non-ACE unit care. Costs per service
were attributed to each service for each patient. The
cost associated with diagnostic services (EKG/ECHO/
stress, Laboratory/path, radiology, V/Q scan, and PFT
lab), room cost, medical supplies cost, pharmacy cost,
therapeutic treatment cost (oxygen and respiratory
therapy; physical therapy; telemetry; nutrition; dialy-
sis; speech/swallowing therapy, and GI procedures)
and other costs were identiﬁed for each patient for
their ACE or non-ACE unit admissions.
To adjust for confounding due to comorbidity, we
computed annual Charlson comorbidity scores (CHS)
for each patient. The Charlson comorbidity index is a
medical record-based system designed to predict death
in longitudinal studies, with an integer score represent-
ing increasing level of the burden of illness [29]. A
modiﬁed version the Functional Independence Meas-
ure (FIM) was used to obtain functional score. This
form was completed on the day of admission by admit-
ting nurse to report function before admission. The
functional score was computed as the sum of scores on
12 different items, each ranging from 1 to 7, with 7
indicating total independence [30,31].
Statistical Analysis
A summary of data and detailed description of mar-
ginal distributions was produced for each variable.
Student’s t-test and chi-square were used to study the
differences in demographic and HRU between ACE
and non-ACE unit patients. HRU (LOS, pharmacy,
diagnostic and therapeutic procedures) and accompa-
nying costs were compared between ACE and non-
ACE units.
For ACE and non-ACE units, mean total cost for
the index admission was compared between diagnoses
groups using parametric and nonparametric tests.
Because cost data often violate the assumption of nor-
mality, we used t-test on log transformed cost data as
well as nonparametric tests such as bootstrap (mean
cost comparison) and Wilcoxon rank-sum test (median
cost comparison) between ACE and non-ACE unit. We
also compared LOS and number of readmissions using
parametric and nonparametric tests. To analyze the
incremental cost associated with ACE unit, we used a
log linear regression model with direct medical care
cost as the dependent variable. Following independent
variables were tested using univariate analysis: age,
race, sex, Charlson comorbidity score, health insur-
ance status, marital status, functional score, and ACE
unit. Those variables signiﬁcant at P ≤ 0.2 level were
selected for the ﬁnal model. Direct medical care costs
include all costs of hospitalization (care provided by
physicians and other health professionals, inpatient
medication cost, diagnostic, therapeutic and labora-
tory costs and per-diem costs). The coefﬁcient associ-
ated with unit (ACE or non-ACE) is the incremental
cost associated with ACE unit. The parameter
estimates on the log-scale was retransformed and
smearing technique was used to correct for the retrans-
formation bias [32]. Poisson regression model was
used to analyze the association between numbers of
annual readmissions (post index admission) after con-
trolling for independent variables signiﬁcant at P ≤ 0.2
levels in univariate analysis.
Results
Study population demographics are presented in
Table 1. There was no difference in mean age between
ACE unit patients and non-ACE unit patients
(79.6 year vs. 79.2, P = 0.46). One-third of ACE unit
patients and 30% of non-ACE unit patients were male.
Also, ethnicity, mean Charlson comorbidity score,
functional status, and mean number of admissions
1 year before index admissions, were comparable
between ACE and non-ACE patients.
As shown in Table 2, mean LOS for ACE unit was
1 day shorter than that for non-ACE unit group
(4.9 days vs. 5.9 days, P = 0.01). Unadjusted mean
cost of ACE unit group ($13,586) was 9.7% lower
than non-ACE unit group ($15,039) (P = 0.012 by the
t-test of log cost). Median total cost was lower as well
for the ACE unit (P = 0.0036). Mean number of
readmissions after index admission did not differ sig-
niﬁcantly between the two units. The difference in pro-
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portion of patients discharged to nursing home was
not statistically signiﬁcant between the two groups,
although higher proportion of non-ACE patients were
discharged to nursing home than those from ACE unit
group. All results were comparable to those obtained
by Wilcoxon and Bootstrap methods.
As presented in Table 3, there was no difference
between the two groups in use of pharmacy, diagnostic
and therapeutic procedures. Lower proportion of ACE
unit patients used telemetry (37.5%) compared with
non-ACE unit patients (45.7%). Also, higher propor-
tion of ACE unit patients used supplemental nutrition
(25.3%) compared with non-ACE unit patients
(15.8%). Mean room cost for ACE unit was lower
($5662), compared with non-ACE unit ($6798) for
each admission. Physical therapy and medical supplies
costs were also lower for the ACE unit compared with
non-ACE unit.
The results of log linear regression model are pre-
sented in Table 4. The coefﬁcient of ACE unit is the
statistic of interest. Total cost of ACE unit group was
21% lower than non-ACE unit, after controlling for
age, Charlson comorbidity score, health insurance,
and marital status. These independent variables were
signiﬁcant (P ≤ 0.20) in the univariate analysis. The
results of Poisson regression (Table 5) indicated that
the number of annual readmissions for ACE unit were
11% lower, after controlling for age, race, Charlson
comorbidity score, and number of prior admissions.
These independent variables were controlled for
because they were signiﬁcant (P ≤ 0.20) in the univar-
iate analysis.
Discussion
Our results conﬁrm the hypotheses that ACE unit
patients have: 1) 1 day shorter LOS; 2) 21% lower
cost; and 3) 11% lower annual readmissions. Never-
theless, there were no signiﬁcant differences in HRU
between ACE and non-ACE unit patients during their
index hospitalization. Earlier literature on ACE unit is
limited, but promising. The results of a university hos-
Table 1 Comparisons of demographics
Variable ACE (n = 680) Non-ACE (n = 680) P-value
Mean age (SD) 79.6 (8.1) 79.2 (7.7) 0.46
Male 33% 30% 0.32
Race (African Americans) 88% 85% 0.24
Marital status 0.09
Married 16% 24%
Single 58% 42%
Widow 20% 31%
Divorced 6% 3%
Health Insurance 0.23
Medicaid 1% 2%
Medicare 85% 77%
Managed care 14% 21%
Mean Charlson comorbidity score (SD) 3.8 (2.7) 3.4 (2.9) 0.62
Functional assessment score 43 (SD = 31.5) 49 (SD = 29.4) 0.17
Mean number of admissions preindex admission (SD) 2 (2.1) 1.8 (1.9) 0.07
Prehospital living arrangement 0.06
Nursing home 43% 27%
Community 57% 73%
ACE, acute care elderly.
Table 2 Cost, living status, and length of stay comparisons
Variable ACE (n = 680) Non-ACE (n = 680) P-value
Mean no. of admissions preindex admission (SD) 2 (2.1) 1.8 (1.9) t-test: 0.0657
Median 1 1 Wilcoxon: 0.1477
Mean 1.7 (2.1) 1.4 (1.8) Bootstrap: 0.89
Mean no. of readmissions post index admission (SD) 1.8 (2.3) 1.9 (2.3) t-test: 0.4241
Median 1 1 Wilcoxon: 0.3075
Mean 1.8 (2.2) 1.9 (2.3) Bootstrap: 0.4984
Post hospital living arrangement 0.20
Nursing home 46% 39%
Community 54% 61%
Mean length of stay in days (SD) 4.9 (4.3) 5.9 (4.5) t-test: 0.0154
Median 4 4.9 Wilcoxon: 0.0011
Mean 4.9 (4.3) 5.8 (4.4) Bootstrap: 0.0240
Mean total cost (SD) $13,586 (12,269) $15,039 (11,440) Log t-test: 0.012
Median total cost $10,254 $11,515 Wilcoxon: 0.0036
Mean total cost: (SD) $13,502 (596) $14,953 (658) Bootstrap: 0.05
ACE, acute care elderly.
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pital-based randomized control trial demonstrated
improved functional status from admission to dis-
charge in 34% of the ACE unit patients versus 24% in
the usual care patients. Mean LOS was 1 day shorter
for the ACE unit patients and nursing home placement
decreased by 8% [1]. An extension of this study com-
pared hospital cost of care between ACE unit and
usual care unit [14]. Results showed that despite a
small increase in cost per day because of development
and maintenance, the reduction in average LOS for
ACE unit made its costs comparable to that of usual
care.
In another trial of ACE units, 1531 community
dwelling patients, 70 years or older were randomized
to either ACE unit (n = 767) or usual care unit
(n = 764). Results showed that ACE unit in a commu-
nity hospital improved the process of care and pro-
vided better patient satisfaction without increasing
LOS or costs [3]. Other studies have reported im-
proved physician and nurse ratings of interdisciplinary
care, residency education, house staff attitudes, admin-
istrative support for the ACE units, more satisfaction
in the provision of care to their elderly patients
[3,4,12–15]. Thus, it is apparent that ACE unit can be
a useful model for improving quality of care of elderly
patients during their hospitalization. The results from
our study are comparable to these results. In addition,
our study has a longer pre- and post-follow-up period.
Also, because the number of preadmissions is proven
to be an important predictor of readmissions for acute
illnesses, we controlled for it while predicting the
number of readmissions post index admission as a
Table 3 Comparison of mean cost of HRU between ACE and non-ACE units
Resources ACE (n = 680) Non-ACE (n = 680) P-value
1. EKG/ECHO/stress 951.2 (SD = 1432) 1026 (SD = 1280) 0.43
Median = 408 Median = 424
2. Laboratory/path 4660 (SD = 3273.7) 4841.4 (SD = 2909.7) 0.40
Median = 3984.5 Median = 3987.5
3. Oxygen and respiratory therapy 825 (SD = 1560.3) 949 (SD = 1421.8) 0.23
Median = 306 Median = 420
4. Pharmacy 1971 (SD = 3023.9) 2069.3 (SD = 2557) 0.62
Median = 1127.5 Median = 1093.5
5. Radiology 1379 (SD = 1956.2) 1388.3 (SD = 1494.5) 0.94
Median = 757 Median = 829
6. Room charge 5662 (SD = 5647.6) 6798 (SD = 5676.5) 0.003
Median = 3924 Median = 4875
7. Supply 494 (SD = 1136.6) 676 (SD = 1630.6) 0.04
Median = 190 Median = 228
8. V/Q scan 120 (SD = 610.5) 104.4 (SD = 555.7) 0.70
Median = 0 Median = 0
9. Other 108 (SD = 428) 85.7 (SD = 277.8) 0.41
Median = 0 Median = 0
10. PFT laboratory 12 (SD = 117) 7.0 (SD = 71.1) 0.47
Median = 0 Median = 0
11. Physical therapy 76.4 (SD = 184) 118.3 (SD = 278.4) 0.005
Median = 0 Median = 0
12. Telemetry 256.4 (SD = 467.4) 304.2 (SD = 428.3) 0.12
Median = 0 Median = 0
13. Nutrition 91 (SD = 321) 87.3 (SD = 318.2) 0.86
Median = 0 Median = 0
14. Dialysis 236 (SD = 1404) 230.4 (SD = 1311.3) 0.95
Median = 0 Median = 0
15. Speech/swallowing therapy 54 (SD = 153) 44.5 (SD = 139.1) 0.36
Median = 0 Median = 0
16. GI procedures 77.4 (SD = 364) 62 (SD = 349.1) 0.53
Median = 0 Median = 0
ACE, acute care elderly; HRU, health resource utilization.
Table 4 Log-linear regression for predicting incremental cost
ACE unit
Variable OR (SE) P-value
Intercept 3555.2 (0.24) <0.0001
ACE (1 = ACE unit) 0.79 (0.06) <0.0001
Age 0.96 (0.03) 0.2767
Charlson comorbidity 0.98 (0.01) 0.1340
Insurance (1 = Medicare/Medicaid) 0.67 (0.06) <0.0001
Marital status (1 = married) 1.031 (0.07) 0.6334
ACE, acute care elderly; OR, odds ratio.
Table 5 Poisson regression model predicting number of
readmissions of ACE unit
Variable OR (SE) P-value
Intercept 4.95 (0.27) <0.0001
ACE (1 = ACE unit) 0.89 (0.05) 0.0174
Age 0.97 (0.01) <0.0001
Race (1 = African American) 1.27 (0.08) 0.0020
Charlson comorbidity 1.7 (0.05) 0.0326
Number of prior admissions 1.04 (0.01) 0.0011
ACE, acute care elderly; OR, odds ratio.
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measure of effectiveness of ACE unit. Some of the ACE
unit interventions that may play a signiﬁcant role in re-
ducing HRU and hospitalizations may be due to main-
taining and improving activities of daily living
function, active monitoring of depression, frequent re-
view of frequently used drugs and procedures to elim-
inate those that are harmful, reduced use of restraints
and high-risk drugs and improved process of care.
Thus, ACE unit demonstrated that multidisciplinary
patient centered approach to the inpatient care for eld-
erly can improve quality of care and lower the cost.
Past research indicates that success of ACE unit has led
to replication of ACE unit under different settings [8].
Nevertheless, lower number of existing ACE units de-
mands for a study of barriers to successful replication
in various settings [28].
In this era of “Value of Health Care,” there is a
critical need to improve the quality of care received by
elderly patients during their hospitalization in a cost-
effective manner. Hospitalization is one of the major
risk factors for decline in functional status of elderly
patients. Also, a high percentage of hospitalized elderly
discharged to nursing homes never return to their
homes or community. The techniques of formal assess-
ment applied to hospitalized elderly identify risk fac-
tors that would predict the cascade to dependency
produced by hospitalization. As the population ages
and prevalence of functional impairment increases,
hospitals are at increased risks with prospective pay-
ment system and must look for methods to improve
quality and cost-effectiveness. Not every acutely ill eld-
erly patient may need ACE unit care. Thus, patient risk
and need, and its relative effectiveness should be pre-
dicted before its assessment, recommendation or con-
sultation has been put into practice [33]. Hospitals
face an economic incentive to look for methods to
improve quality and cost-effectiveness of care. Hospi-
tal administrators are likely to be receptive to efforts
that decrease LOS and increase throughput and are
pleased that opportunity costs are addressed with
lower LOS within the DRG reimbursement structure.
Conclusions
It is evident that patients admitted to ACE unit have
lower LOS, fewer readmissions, and lower direct med-
ical cost. Health-care reform for elderly must result in
controlling cost without jeopardizing the quality of
care. Previous nationwide survey found that only 16
geriatric divisions had a functioning ACE unit [28].
Thus, although ACE units can play an important role
in maximizing the quality of inpatient elderly care in a
cost-effective way, micro- and macrolevel policies are
needed to establish its wide spread implementation.
There exists a tremendous opportunity to increase
quality of care delivered to acutely ill elderly patients
during their hospitalization and this can lead to
improved  outcomes  as  well  as  reduce  the  cost  of
care. Nevertheless, this requires a multidisciplinary
approach from our health-care system. Additional
research is needed to understand the cost-effectiveness
of ACE units.
Limitations
Because admission to the ACE unit in this study was
not randomized, there may be potential for bias. We
matched non-ACE unit patients on age, DRG, ethnic-
ity, and Charlson comorbidity score. Nevertheless,
there are possibly other confounding variables such as
severity of disease, functional status, health insurance,
level of social support, etc. that can inﬂuence out-
comes. Also, a retrospective study such as this was lim-
ited by the data available in the hospital administrative
database and by the fact that only one site was studied.
We also acknowledge that the readmission rate is a
somewhat crude and noncomprehensive measure of
quality of care. Nevertheless, our results are compara-
ble to earlier research on ACE units and provide cru-
cial information on effectiveness and cost of ACE unit.
These results need to be validated using multiple sites.
The authors thank Risa Lavizzo-Mourey MD, MBA for sup-
port and Jerry C. Johnson MD for review of the manuscript.
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